We study the lightest CP-even Higgs boson mass in five kinds of testable flipped SU ( 
I. INTRODUCTION
The Higgs boson mass in the Standard Model (SM) is not stable against qunatum corrections and has quadratic divergences. Because the reduced Planck scale is about 16 order larger than the electroweak (EW) scale, there exists huge fine-tuning to have the EW-scale Higgs boson mass, which is called the gauge hierarchy problem. Supersymmetry is a symmetry between the bosonic and fermionic states, and it naturally solves this problem due to the cancellations between the bosonic and fermionic quantum corrections.
In the Minimal Supersymmetric Standard Model (MSSM) with R parity under which the SM particles are even while the supersymmetric particles (sparticles) are odd, the SU(3) C × SU(2) L × U(1) Y gauge couplings can be unified around 2 × 10
16 GeV [1], the lightest supersymmetric particle (LSP) such as the neutralino can be a cold dark matter candidate [2, 3] , and the EW precision constraints can be evaded, etc. Especially, the gauge coupling unification strongly suggests Grand Unified Theories (GUTs), which can explain the SM fermion quantum numbers. However, in the supersymmetric SU(5) models, there exist the doublet-triplet splitting problem and dimension-five proton decay problem. Interestingly, these problems can be solved elegantly in the flipped SU(5) × U(1) X models via missing partner mechanism [4] [5] [6] . Previously, the flipped SU(5) × U(1) X models have been constructed systematically in the free fermionic string constructions at the Kac-Moody level one [7, 8] . To solve the little hierarchy problem between the traditional unification scale and the string scale, two of us (TL and DVN) with Jiang have proposed the testable flipped SU(5) × U(1) X models, where the TeV-scale vector-like particles are introduced [9] . There is a two-step unifcation: the SU(3) C × SU(2) L gauge couplings are unified at the scale M 32
around the usual GUT scale, and the SU(5) × U(1) X gauge couplings are unified at the final unification scale M F around 5 × 10 17 GeV [9] . Moreover, such kind of models have been constructed locally from the F-theory model building [10, 11] , and are dubbed as F -SU(5) [11] . In particular, these models are very interesting from the phenomenological point of view [11] : the vector-like particles can be observed at the Large Hadron Collider (LHC), proton decay is within the reach of the future Hyper-Kamiokande [12] and Deep Underground Science and Engineering Laboratory (DUSEL) [13] experiments [14, 15] , the hybrid inflation can be naturally realized, and the correct cosmic primodial density fluctuations can be generated [16] .
With No-Scale boundary conditions at M F [17] , two of us (TL and DVN) with Maxin and Walker have described an extraordinarily constrained "golden point" [18] and "golden strip" [19] that satisfied all the latest experimental constraints and has an imminently observable proton decay rate [14] . Especially, the UV boundary condition B µ = 0 gives very strong constraint on the viable parameter space, where B µ is the soft bilinear Higgs mass term in the MSSM. In addition, exploiting a "Super-No-Scale" condition, we dynamically determined the universal gaugino mass M 1/2 and the ratio of the Higgs Vacuum Expectation
Values (VEVs) tan β. Since M 1/2 is related to the modulus field of the internal space in string models, we stabilized the modulus dynamically [20, 21] . Interestingly, the supersymmetric particle (sparticle) spectra generially have a light stop and gluino, which are lighter than all the other squarks. Thus, we can test such kinds of models at the LHC by looking for the ultra high jet signals [22, 23] . Moreover, the complete viable parameter space in no-scale F -SU(5) has been studied by considering a set of "bare minimal" experimental constaints [24] .
For the other LHC and dark matter phenomenological studies, see Refs. [25] [26] [27] .
It is well known that one of main LHC goals is to detect the SM or SM-like Higgs boson.
Recently, both the CMS [28] and ATLAS [29] This paper is organized as follows. In Section II, we briefly review the testable flipped SU(5) × U(1) X models from F-theory and present five kinds of models. We calculate the lightest CP-even Higgs boson mass upper bounds in Section III. Section IV is our conclusion.
In Appendices, we present all the RGEs in five kinds of models.
We first briefly review the minimal flipped SU(5) model [4] [5] [6] . The gauge group for flipped SU(5) model is SU(5) × U(1) X , which can be embedded into SO(10) model. We
The hypercharge is given by
There are three families of the SM fermions whose quantum numbers under SU(5)×U(1) X are
where i = 1, 2, 3. The SM particle assignments in F i ,f i andl i are 
Similar to the flipped SU(5) × U(1) X models with string-scale gauge coupling unification [9, 33] , we introduce vector-like particles which form complete flipped SU(5) × U(1) X multiplets. The quantum numbers for these additional vector-like particles under the
XT = (10, −4) , XT = (10, 4) .
Moreover, the particle contents from the decompositions of XF , XF , Xf , Xf , Xl, Xl, Xh, Xh, XT , and XT , under the SM gauge symmetry are
Under the SU(3) C × SU(2) L × U(1) Y gauge symmetry, the quantum numbers for the extra vector-like particles are
To separate the mass scales M 32 and M F in our F-theory flipped SU(5) × U(1) X models, we need to introduce sets of vector-like particles around the TeV scale or intermediate scale whose contributions to the one-loop beta functions satisfy ∆b 1 < ∆b 2 = ∆b 3 . To avoid the Landau pole problem, we have shown that there are only five possible such sets of vector-like particles as follows due to the quantizations of the one-loop beta functions [9] Z0 : XF + XF ; (28)
We have systematically constructed flipped SU ( With this convention, we present the vector-like particle contents of our five kinds of models in Table I . In the following discussions, we shall
GeV. Moreover, we will assume universal supersymmetry breaking at low energy and denote the universal supersymmetry breaking scale as M S . It is well known that there exists a few pecent fine-tuning for the lightest CP-even Higgs boson mass in the MSSM to be larger than 114.4 GeV. In all the above five kinds of models,
we have the vector-like particles XF and XF at the TeV scale. Then we can introduce the following Yukawa interaction terms between the MSSM Higgs fields and these vector-like particles in the superpotential in the flipped SU(5) × U(1) X models:
where Y xd and Y xu are Yukawa couplings. After the gauge symmetry SU(5) × U(1) X is broken down to the SM gauge symmetry, we have the following relevant Yukawa coupling terms in the superpotential which can be easily found in the literatures, for example, in the Refs. [35, 36] . We shall present the RGEs in the SM with vector-like particles, and Models I to V in the Appendices A, B, C, D, E, and F, respectively.
III. THE LIGHTEST CP-EVEN HIGGS BOSON MASS
In our calculations, we employ the RG improved effective Higgs potential approach. The two-loop leading contributions to the lightest CP-even Higgs boson mass m h in the MSSM are [37, 38] [m
where M Z is the Z boson mass, m t is the MS top quark mass, v is the SM Higgs VEV, and α S is the strong coupling constant. Also, t and X t are given as follows
where M t is the top quark pole mass, and A t denotes the trilinear soft term for the top quark Yukawa coupling term.
Moreover, we use the RG-improved one-loop effective Higgs potential approach to calculate the contributions to the lightest CP-even Higgs boson mass from the vector-like particles [39, 40] . Such contributions in our models are
where A xu and A xd denote the supersymmetry breaking trilinear soft terms for the super- [39, 40] . Thus, for simplicity, we only employ the first and second terms in our calculations, i.e., the first line of Eq. (37) . In order to have larger corrections to the lightest CP-even Higgs boson mass, we consider the maximal mixings X t and X xu respectively for both the stops and the TeV-scale vector-like scalars, i.e., X t = 6 with
2 S , and CP-even Higgs boson mass, we need to choose small M V as well. The experimental lower bound on M V is about 325 GeV [41] , so we will choose M V from 360 GeV to 2 TeV. In our numerical calculations, we will use the SM input parameters at scale M Z from Particle Data
Group [42] . In particular, we use the updated top quark pole mass M t = 172.9 GeV, and the corresponding MS top quark mass m t = 163.645 GeV [42] .
In this paper, we require that all the Yukawa couplings for both the TeV-scale vector- tial approach, and considered the two-loop leading contributions in the MSSM and one-loop contributions from the TeV-scale vector-like particles. For simplicity, we assumed that the mixings both between the stops and between the TeV-scale vector-like scalars are maximal.
The numerical results for these five kinds of models are roughly the same. With M V and M S around 1 TeV, we showed that the lightest CP-even Higgs boson mass can be close to 146
GeV naturally, which is the upper bound from the current CMS and ATLAS collaborations. 
where t = ln µ and µ is the renormalization scale. The g 1 , g 2 and g 3 are the gauge couplings −26
where
with
Appendix B: Renormalization Group Equations in Model I
In the Model I, the two-loop renormalization group equations for the gauge couplings are
where 6 34
The two-loop renormalization group equations for Yukawa couplings are
where α = u, d, e, xu, xd. In addition, β
Yα and β (2) Yα are given as follows 
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